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Introduction 61 Endocytosis, which can be clathrin-dependent or clathrin-independent, is the 62 internalization of plasma membrane (PM) proteins or uptake of extracellular materials 63 for transport to the endosome (Murphy et al., 2005) . Clathrin-mediated endocytosis 64 (CME) is the major gateway into plant cells (Fan et al., 2015) . Although detailed 65 information is available on the roles of endocytosis in animals, researchers have only 66 recently documented that CME is critical for various developmental processes in Over-expression of AtEHD2 had an inhibitory effect on endocytosis, while 109 down-regulation of AtEHD1 caused retardation of entry of endocytosed material into 110 plant cells (Bar et al., 2008) . However, the mechanisms by which EHD family 111 members linked to CME in plants have not been characterized. 112 Maize ranks first in total production among major staple cereals and is also an 113 important raw material for biofuel and many other industrial products (Mclaren, 2005) . 114 As an important model system for basic biological research, maize has contributed 115 significantly to our knowledge of plant development and evolution, and this because embryo-lethal alleles are difficult to study (Scanlon and Takacs, 2009 
Results
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The ehd1 mutant is impaired in kernel development and vegetative growth 134 The ehd1 mutant was originally isolated as a shrunken kernel mutant in the screening 135 of natural mutagenesis defective in the filling of maize grains. At 14 days after 136 pollination (DAP), the kernels of ehd1 homozygous mutant (ehd1/ehd1) and the 137 wild-type (WT) (EHD1/EHD1 and EHD1/ehd1) resembled each other ( Figure 1A ). At 138 16 DAP, the WT kernels were canary-yellow while the ehd1 mutants were ivory-white 139 ( Figure 1A ). At maturity, both the endosperm and embryo of ehd1 mutant were 140 shrunken ( Figure 1B) , which led to a significant reduction in the 100-kernel weight 141 ( Figure 1C ). The 100-kernel weight of the WT (26.9 g) was 3-times greater than that 142 of the ehd1 mutant ( Figure 1C ).
143
To analyze the kernel development of the ehd1 mutant and the WT, we examined 144 immature embryos at 20 DAP by light microscopy. Longitudinal sections indicated 145 that embryo development was slower in the ehd1 mutant than in the WT ( Figure 1D ).
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Endosperm development and texture were also observed by light microscopy.
147
Compared to WT endosperm cells, those of the ehd1 mutant had less dense cytoplasm 148 and fewer starch granules ( Figure 1E ).
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A paper-culture system was used to measure the germination rates of the WT and ZmEHD1 gene was first mapped to a 2,339-kb region between the simple sequence 174 repeat (SSR) marker umc1650 (17 recombinants) and umc1716 (27 recombinants) on 175 the long arm of chromosome 4 ( Figure 3A ). Because the germination rate of the ehd1 176 mutant was rather low, expanded F 3 mapping population containing ~53,000 normal 177 kernels (EHD1/EHD1 and EHD1/ehd1) was obtained to increase mapping resolution 178 as described by Zuo et al. (2015) . Thirteen new polymorphic SSR markers were 179 developed (Supplemental Table 3 such as reduced leaf size and fertility (Supplemental Figure 5C ). These results
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suggested that ZmAP2 σ subunit has similar functions as AtAP2 σ subunit in CME.
283
The potential interaction between ZmEHD1 and the ZmAP2 σ subunit was first Based on the criteria that the Log 2 fold-change ratio was ≥ 1 and that the 328 adjusted P value was ≤ 0.05, 4,760 genes, including ZmEHD1, were identified as 329 differentially expressed genes (DEGs) by DEGseq software (Wang et al., 2010) .
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Among the DEGs, 2,208 genes were up-regulated and 2,552 genes were 331 down-regulated in the ehd1 mutant relative to the WT (Supplemental Table 5 Figure 9A ). As expected, GRMZM2G156877 and GRMZM2G420988 were 337 expressed at higher levels in the ehd1 mutant than in WT (Supplemental Figure 9A) Figure 7A ). The free IAA content in kernels of the ehd1 mutant and the WT at 15 364 DAP were determined. The free IAA content in the kernels of the ehd1 mutant was 365 2,558 pg mg -1 FW, which was ~30% lower than that in the WT ( Figure 7B) . 366 To further demonstrate that ZmEHD1 regulates auxin homeostasis in maize, we 
Split-ubiquitin yeast two-hybrid assay
524
The split-ubiquitin two-hybrid system was used to detect the interactions between β-galactosidase plate assay (Duttweiler, 1996) . The coding sequences of the ZmAP2 σ subunit, ZmEHD1 and ZmEHD1 mut were 536 amplified using specific primers listed in Table S1 , and were cloned into the The funders had no role in study design, data collection and interpretation, or the decision to submit the work for publication. 
